An investigation was carried out at the experiment plots of the Department of Genetics and Plant Breeding, Main Research Station, University of Agricultural Sciences, Hebbal, Bangalore, India, to assess the stability of fifteen newly developed sunflower hybrids along with four checks across four seasons using a non parametric stability model for simultaneous selection of high yielding and stable hybrids. Highly significant mean squares due to genotype × environment interaction suggested differential performance of hybrids across the four seasons for all the characters except plant height, stem diameter, head diameter and test weight. Hybrid 9 was found to be highly stable for five characters, viz., plant height, volume weight, oil content, oil yield and earliness. Apart from this hybrid, hybrids 4 and 11 were stable for three characters, viz., head diameter, seed yield and oil yield. Another hybrid, number 5, was also stable for seed and oil yields.
INTRODUCTION
Genotype × environment interaction continuous to be a challenging issue among the plant breeders, geneticists and production agronomists who carry out crop performance trails across diverse environments. Stability of performance should be considered as an important aspect of yield trials. Researchers need a statistic that provides a reliable measure of stability or consistency of performance across a range of environments, particularly, one that reflects the contribution of each genotype to the total G × E interaction. Shukla's (1972) stability variance sta-tistic (σ 2 i ) is one such measure and is equivalent to ecovalance measure (Wi) of Wricke (1962) . However, σ 2 i by itself, is only of limited usefulness. To be of practical utility in a breeding or cultivar-testing program, σ 2 i and yield (or any other trait) must be considered simultaneously so as to make selection of genotypes more precise and reliable. Integration of stability of performance with yield through a suitable measure will go a long way in selecting a high yielding and stable genotype. Kang et al. (1993) proposed rank sum method for selection of genotypes simultaneously for yield and stability. But the method has an inherent weakness, that it weighs heavily in the direction of yield performance, apart from the arbitrariness in the scoring involved. Therefore, this method is not fit for drawing general conclusions. Keeping these points in view, Bajpai and Prabhakaran (2000) proposed a few improved indices that are free from all the aforesaid drawbacks. The basic element in the construction of these proposed indices is that the levels of achievement of genotypes and their stability are quantified by expressing the individual achievements relative to the mean performance in the set of genotypes evaluated. The proposed indices have an inbuilt integration of both stability and mean performance. Hence, in the present investigation, the method proposed by Bajpai and Prabhakaran (2000) has been used to identify sunflower hybrids that are both stable and high yielding. They have proposed a stability index (I), which takes care of both mean performance and stability.
MATERIAL AND METHODS
The material for the study comprised of 15 newly synthesized hybrids along with four checks viz., KBSH1, MSFH-17, PAC 1091 and Sungene 85, which were evaluated in four seasons viz., rabi 1998, summer 1999, kharif 1999 and rabi 1999 by following randomized complete block design with three replications in the experiment plots of the Department of Genetics and Plant Breeding, Main Research Station, University of Agricultural Sciences, Hebbal, Bangalore-560 024, India. The observations involved eight quantitative traits viz., days to flowering, plant height, stem diameter, head diameter, test weight, seed yield, oil content and oil yield. The mean values recorded for 10 random plants of each of the hybrids and in each replication were subjected to stability analysis as per Eberhart and Russel (1966) model to detect the presence or absence of G × E interaction. Subsequently, the data was subjected to Bajpai and Prabhakaran (2000) non-parametric stability analysis to identify stable and high yielding sunflower hybrids. As proposed by Bajpai and Prabhakaran (2000) the stability index (I) was computed as follows:
where, =average performance of the ith genotype, =the overall mean, σ 2 i =Shukla's (1972) stability variance of the i th genotype. σ 2 i is the contribution of i th genotype towards total G × E interaction variance.
According to Bajpai and Prabhakaran (2000) , genotypes were ranked based on the stability index (I). Ranks were assigned in increasing order to the genotypes whose stability indices varied in decreasing order i.e., the genotype which had highest stability index (I) received first rank and the one with the lowest 'I', received 19 th rank in the present study involving 19 hybrids (15 test hybrids + 4 checks) for all the characters except days to 50% flowering for which the ranking was in the reverse order.
RESULTS AND DISCUSSION
Analysis of variance (Table 1) for stability indicated highly significant differences among the hybrids for all the characters except head diameter. Highly significant differences among the environments suggested that the hybrids under study were evaluated under diverse seasons, thus justifying the seasons chosen for stability analysis. Significant mean squares due to genotype × environment interaction suggested differential behavior of the hybrids across the four seasons for all the characters except plant height, stem diameter, head diameter and test weight. This differential behavior of genotypes was entirely unpredictable with respect to plant height, head diameter, test weight, seed yield and oil yield as suggested from significance of mean squares due to pooled deviation but non-significance of mean squares due to genotype × environment (linear). However, the variation in the performance of the hybrids with respect to the remaining characters is partly predictable as indicated from significance of mean squares due to both pooled deviation and genotype × environment (linear) interaction. Similar observations were made by Virupakshappa (1991), Muppidathi et al. (1996) and Laishram and Singh (1997) . The presence of highly significant genotype × environment interaction for the most important characters such as days to flowering, oil content, seed yield and oil yield under the present study necessitated to identify most stable and high yielding genotypes through Bajpai and Prabhakaran (2000) stability model. Results (Table 2) indicated that the ranking of genotypes, in general, were more or less similar based on (1/σ 2 i ) and stability index (I i ) for all the characters. However, the same was not true with respect to mean performance. Further, the genotypes, which showed high mean performance were not stable across the seasons as indicated by low magnitudes of (1/σ 2 i ) for most of the characters. As far as days to 50% flowering is concerned, the hybrids 13 and 14 and the checks MSFH 17 and Sungene 85 were not only early but were also highly stable as indicated by their stability indices. The hybrid 12 and the check KBSH-1 were identified to be highly stable for dwarfness as indicated by their mean plant height and stability indices. On the other hand, the hybrid 8 was highly stable for higher plant height. The hybrids 1, 3 and 4 were found to be highly stable for thick stem, whereas, the hybrid 13 and the check MSFH 17 were identified as stable for thin stem.
The hybrids 11, 15 and 3 were identified to be stable for large heads. On the other hand, the hybrid 4, although highly stable, possessed small heads. The check Sungene 85 along with hybrid-10, MSFH-17 and KBSH-1 were identified to be stable for high test weight.
The hybrids 11, 5, 4, 9 and 1 were highly stable regarding seed yield per hectare, coupled with high oil content. As far as oil yield was concerned, the hybrids 11, 14, 4, 5 and 9 were stable for high oil yield per hectare.
From the above discussion, it could be summarized that none of the hybrids were stable for all characters under investigation. Nevertheless, the hybrid 9 was stable for as many as four characters, namely, plant height, seed yield, oil content and oil yield. Similarly, the hybrid 14 was stable for volume weight, oil content, oil yield and earliness. Apart from this, the hybrids 4 and 11 were stable for three characters, viz., head diameter, seed yield and oil yield. The hybrid 5 was stable for seed and oil yields. 
ANÁLISIS DE ESTABILIDAD DE LOS HÍBRIDOS DE GIRASOL MEDIANTE EL MODELO NO-PARAMÉTRICO

RESUMEN
La investigación fue realizada en las parcelas experimentales del Instituto de Genética y Selección de Plantas de la Estación de Investigaciones Principal de la Universidad de Ciencias Agrícolas de Hebal, Bangalor, La India, con el fin de determinar la estabilidad de 15 híbridos de girasol nuevos formados y cuatro controles a lo largo de cuatro campanas, utilizando el modelo no-paramétrico de estabilidad para la selección simultánea sobre la altura y la estabilidad del rendimiento. Los altamente significantes medios de los cuadrados, por causa de interacción del genotipo × el entorno, han indicado la reacción diferencial de híbridos a lo largo de cuatro campanas en todas las características, excepto la altura de la planta, diámetro del tallo, diámetro del capítulo y el peso de 1000 granos. El híbrido 9 era estable en cinco características, en la altura de la planta, peso en hectolitros, contenido de aceite, rendimiento de aceite y la madurez temprana. Aparte de este híbrido, los híbridos 4 y 11 eran estables en tres características, en el diámetro del capítulo, rendimiento de semilla y rendimiento de aceite. El híbrido № 5 era estable en cuanto al rendimiento de semilla y de aceite.
ANALYSE DE STABILITÉ DES HYBRIDES DE TOURNESOL PAR LE MODÈLE NON PARAMÉTRIQUE
RÉSUMÉ
Une recherche a été effectuée sur les parcelles expérimentales du Dépar-tement de génétique et de culture des plantes, à la Station de recherches principale de l'Université des sciences de l'agriculture, à Hebbal, Bangalore, en Inde pour évaluer la stabilité de quinze nouveaux hybrides de tournesol et de quatre contrôles au cours de quatre saisons et à l'aide d'un modèle de stabilité non paramétrique pour la sélection simultanée d'hybrides stables et à grand rendement. Des moyennes de carré grandement significatives dues à l'interaction génotype × environnement ont indiqué une réaction différentielle des hybrides au cours des quatre saisons pour toutes les caractéristiques sauf la hauteur de la plante, le diamètre de la tige, le diamètre de la tête et le poids de
